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LMICSepsis is a syndrome associated with hypoxia and mitochon-
drial dysfunction. Twenty-ﬁve years ago, Bone et al. reported a
consensus paper which was determinant for a common framework
for sepsis.1 The immunological response to bacterial infection was
identiﬁed as crucial in the diagnosis of sepsis, and nowadays we
know that it involves an imbalance in the Th17 response. An
overlap between the clinical manifestations of bacterial injury and
non-infectious injury, such as burns, trauma, or pancreatitis, was
acknowledged. Now, in 2016, the deﬁnitions have been revisited
and the concept of severe sepsis has been erased, splitting infection
into two categories, i.e., sepsis and septic shock (when lactate is
increased and mean arterial pressure is low).2
The new deﬁnitions are based on the assessment of a large cohort
of patients in (private) hospitals in California and Pittsburgh, USA.3
The majority of sources of infection were hospital patients in referral
centres with respiratory and postoperative infections. The target
reader is an intensive care unit (ICU) physician. Although these
deﬁnitions are of help for research purposes, they may not be
representative of the whole world. Guidelines should focus on pre-
hospital assessment and triage. Indeed, respiratory infections
represented the most common cause of sepsis in that cohort, and
postoperative infections were another important part of the
problem. Whether these conditions apply to patients with shock
in low-income and middle-income countries (LMIC) is unknown, but
the incidence of community-acquired infections would be higher,
with a greater prevalence of gastroenteritis, septic abortion, and skin
and soft tissue infections as causes of septic shock.
The second version of the Extended Prevalence of Infection in
Intensive Care study (EPIC II) added information about pathogens
from geographic areas outside of Western Europe, representing
less than 15% of the world population.4 This report demonstrated
signiﬁcant differences in Eastern Europe as compared to Western
Europe, in Australasia as compared to Asia, and in Latin America as
compared to North America. A recent study assessing the use of
nebulized antibiotics for respiratory infections also reported
signiﬁcant heterogeneity in practices, with a much higher use in
Asia, mainly represented by China.5 This highlighted the need to
have more information from LMIC on sepsis and septic shock.http://dx.doi.org/10.1016/j.ijid.2016.04.017
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license (http://creativecommons.org/licenses/by-nc-nd/4.0/).In our view, the most important challenges in the management
of sepsis in LMIC are triage and pre-hospital diagnosis. This has to
be done with very sensitive and non-invasive methods outside the
hospital setting. Obviously, this is not done by intensivists or
infectious disease physicians. Indeed, even primary care physicians
are scarce and busy. Therefore, in LMIC, most of the time, the
diagnosis of sepsis may have to be suspected by midwives or
nurses. Midwives in Latin America (and Africa, and Asia) only have
access to limited variables to estimate the severity of sepsis, such
as body temperature, blood pressure, and cardiac and respiratory
rates. Obviously, plasma lactate and other biomarkers are not
available in many emergency departments or out-of-hospital
practices, exactly the sites where the early manifestations of sepsis
and shock should be identiﬁed.
The consensus deﬁnitions panel also suggested screening with
the quick sepsis related organ failure assessment (qSOFA) score,
which is based on three variables: respiratory rate, mental status,
and diastolic pressure.2 Measuring the respiratory rate is impor-
tant because this is a non-invasive measure and most patients with
sepsis present with hyperventilation, when cellular dysfunction
develops as a compensatory mechanism. However, in our opinion,
a universal threshold respiratory rate of 22/min does not take into
account the implications of comorbidities and age. The SMART-
COP study reported that in young adults, the respiratory rate
threshold that was associated with an increased risk of critical care
was 25/min, while it was 30/min in patients above 50 years of age.6
Moreover, in patients on mechanical ventilation, the respiratory
rate represents the modality of ventilation or sedation rather than
severity. Mental status assessed with the Glasgow coma scale
(GCS) score has similar limitations. Indeed, young patients with
septic shock may have a preserved mental status even in shock,
whereas elderly patients may present delirium with only a
moderate fever. In addition, the cultural and educational limita-
tions in LMIC mean that patients may be categorized as having an
alteration of mental status, when there is merely a communication
problem. Our personal view is that the early recognition of
infection and sepsis cannot be performed with a screening score.
In the clinical scenario, physical examinations (including the
measurement of systolic blood pressure and temperature) should
be the cornerstone of early diagnosis. In our opinion, a primary
presentation of shock should also be identiﬁed by clinical
manifestations. Physical signs or signs of adrenergic discharge
are early manifestations of shock, whatever the cause. Moreover,
the presence of shock can be assessed through the identiﬁcation ofociety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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method of objective screening is continuous pulse oximetry.
Arterial oxygen saturation below 90% identiﬁes the patient with
hypoxemia or hypoxia, because poor perfusion is associated with a
low signal. The assessment of oxygenation has been reported as an
objective and simple method to identify patients with pneumonia
at risk of death, and a delay in assessment has been associated with
worse outcomes.7 Of note, checking the capillary reﬁlling time can
be implemented without technology at the bedside and could be
used as a screening method everywhere, replacing the plasma
lactate test or other tools. Therefore, training health care workers
in the early identiﬁcation of sepsis based on alterations in
temperature, a decrease in blood pressure, an increase in cardiac
rate, and an increase in capillary reﬁlling time, and monitoring
urinary output, if feasible, should be implemented.
Of note, malnutrition is very prevalent in LMIC. Malnutrition
impacts the immunological response to pneumonia and other
causes of sepsis.8 Therefore, the presentation of immunological
imbalances, crucial in the development of sepsis, may be
signiﬁcantly different. Malnutrition causes hypoalbuminemia
and oedema, with implications for volume resuscitation in sepsis.
Moreover, the burden of anaemia due to malaria and malnutrition
in LMIC may mean that more frequent blood transfusions are
required. Hence, we believe that all these conditions represent
signiﬁcant limitations in the application of the current updated
sepsis deﬁnitions and care bundles in LMIC. Therefore, a new
paradigm for sepsis and septic shock adapted to the resources and
characteristics of LMIC is urgently needed.
It is surprising that 25 years after the seminal paper by Bone
et al.,1 and in spite of the amazing advances made in other
disciplines such as oncology, little progress has been made in the
stratiﬁcation of patients with sepsis. Comparisons of the early-goal
therapy manuscript9 with subsequent follow-up studies that failed
to replicate the ﬁndings in larger cohorts should not ignore the fact
that the baseline mortality was signiﬁcantly different. A proposed
stratiﬁcation based on the PIRO approach (predisposition, infec-
tion, response, and organ failure) has been suggested,10 but
surprisingly efforts to develop the stratiﬁcation in patients with
sepsis have been limited to a few attempts in pneumonia patients,
validated in the emergency department.11 We believe that it is
fundamental to facilitate an approach based on precision medicine
that allows the personalized management of patients and realistic
benchmarking.12 Studies comparing mortality in LMIC with
centres in Europe or North America are urgently required. At
the least, any differences in management should be identiﬁed, as
this would provide an opportunity to improve outcomes.
Unfortunately, the new position paper again ignores the crucial
role of the organisms, sites of infection, and early diagnostic
techniques.2 We are not certain that parasitic, viral, and fungal
conditions, very common in LMIC, should be combined with
bacterial infections in the deﬁnition of sepsis. Clinical practice
shows that hypoxemia can be very severe both in viral and
bacterial pneumonia. However, refractory shock, with a high
requirement for norepinephrine, is common in serotype 3 pneu-
mococcal pneumonia, but is uncommon in inﬂuenza A H1N1 v
pneumonia. PCR techniques for the early diagnosis of inﬂuenza
were developed as a result of the 2009 pandemics and we learned
important lessons for management, such as the effects of steroids.
Given that the outcomes and clinical presentations are signiﬁcant-
ly different between serotype 3 pneumococci (associated with
shock) and serotype 1 pneumococci (associated with empyema or
pleural involvement), we cannot support the myth that ‘organisms’
are not a substantial element in the initial management of septic
shock. Prompt antibiotic treatment (and source control) is crucial,
as the beneﬁts of sustained resuscitation cannot be maintained
longer than 48 h. Indeed, some researchers have suggested thateven a 1-h delay might be associated with a worse outcome in
patients with hypotension.13 Time is life, and simple and newer
diagnostic tools, particularly point-of-care tests, should be the
developed, assessed, and introduced as soon as possible.
The bacteriology of sepsis across the LMIC is much broader than
in high-income countries (HIC) and this should be taken in account.
In a meta-analysis of 19 bacteraemia studies in Africa, Salmonella
(non-Typhi) was the most prevalent isolate.14 Dengue is an
important cause of shock requiring critical care; this presents as
seasonal epidemics in subtropical regions. LMIC have areas of high
prevalence of mycobacteria and HIV. HIV-positive subjects are at
greater risk of sepsis because of their immunosuppression. In LMIC,
sepsis has been involved in one out of four deaths with an HIV/
AIDS-related diagnosis and many patients with HIV do not present
until they have developed sepsis.15
Other potential contributors to sepsis in the tropics are
Plasmodium sp and typhoid fever, which often progress to septic
shock. Therefore, the risk of inappropriate management when
following the global recommendations is important. As a conse-
quence, diagnostic laboratory testing cannot be omitted, with speciﬁc
considerations by geographical area. Indeed,efforts towards the rapid
identiﬁcation of the pathogen are even more important in LMIC.
Triage is a vital component of pre-hospital and hospital-based
emergency services and is an issue of integral importance in resource-
constrained systems.16 In an effort to improve the management of
children in the developing world, the World Health Organization
developed the Emergency Triage Assessment and Treatment guide-
lines as part of the Integrated Management of Childhood Illness
strategy. (http://www.who.int/child_adolescent_health/documents/
9241546875/en/index.htm). These guidelines have been validated
across many countries and regions and constitute a good starting
point for the development of guidelines for sepsis that should use
simple diagnostic criteria based on physical examination ﬁndings
suggestive of poor organ perfusion.
Although some centres in LMIC have the resources to conduct
appropriate diagnosis and follow-up of sepsis, education and
awareness of sepsis appear to be too low.17 In a recent study
involving all African and Sub-Saharan African countries, the
authors stated that the implementation of the Surviving Sepsis
Campaign bundles was possible in only 1.5% (4/263).18 Haemo-
dialysis was available in 43% of hospitals, and 37% did not have the
capability to measure lactate.
In summary, the importance of pre-hospital emergency care
and the delivery of sepsis emergency medical services should be a
priority if we want to save lives. First, focus should be placed on
pre-hospital and emergency triage based on the speciﬁc conditions
of sepsis/septic shock in LMIC, developing bundles based on
clinical signs that are easy to recognize. Second, because the
identiﬁcation and control of the infectious source is vital, it appears
mandatory to assess the important contribution of the pathogen,
taking appropriate diagnostic samples. (3) Third, a speciﬁc
approach to the deﬁnitions is needed, focusing on early suspicion
at the community level, based on physiological manifestations that
are easy to identify, with clear goals of care that can be
implemented everywhere.
Raising education and awareness and targeting healthcare
workers other than specialized doctors is warranted in LMIC.
Therefore, we call for research studies and guidelines on the
diagnosis and management of sepsis and septic shock adapted to
the resources available in LMIC.
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